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abstractBACKGROUND AND OBJECTIVES: Variation in pediatric medical care is common and contributes to differences in
patient outcomes. Site-to-site variation in the characteristics and care of infants with neonatal opioid
withdrawal syndrome (NOWS) has yet to be quantified. Our objective was to describe site-to-site variation in
maternal-infant characteristics, infant management, and outcomes for infants with NOWS.

METHODS: Cross-sectional study of 1377 infants born between July 1, 2016, and June 30, 2017, who were $36
weeks’ gestation, with NOWS (evidence of opioid exposure and NOWS scoring within the first 120 hours of life)
born at or transferred to 1 of 30 participating hospitals nationwide. Site-to-site variation for each parameter
within the 3 domains was measured as the range of individual site-level means, medians, or proportions.

RESULTS: Sites varied widely in the proportion of infants whose mothers received adequate prenatal care
(31.3%–100%), medication-assisted treatment (5.9%–100%), and prenatal counseling (1.9%–75.5%). Sites
varied in the proportion of infants with toxicology screening (50%–100%) and proportion of infants receiving
pharmacologic therapy (6.7%–100%), secondary medications (1.1%–69.2%), and nonpharmacologic
interventions including fortified feeds (2.9%–90%) and maternal breast milk (22.2%–83.3%). The mean length
of stay varied across sites (2–28.8 days), as did the proportion of infants discharged with their parents
(33.3%–91.1%).

CONCLUSIONS: Considerable site-to-site variation exists in all 3 domains. The magnitude of the observed variation
makes it unlikely that all infants are receiving efficient and effective care for NOWS. This variation should
be considered in future clinical trial development, practice implementation, and policy development.

WHAT’S KNOWN ON THIS SUBJECT: Variation in health care
contributes to discrepancies in outcomes. Understanding this
variation is critical. Multiple factors contribute to the
potential for site-level variation to exist for neonates with
opioid withdrawal, but supportive literature is limited.

WHAT THIS STUDY ADDS: We observed substantial site-to-site
variation in maternal-infant characteristics, infant
management, and outcomes for infants with neonatal opiod
withdrawal syndrome. Rates of maternal medication-assisted
treatment, infant pharmacologic treatment, and infant length
of stay varied widely across sites.
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Neonatal opioid withdrawal syndrome
(NOWS) is part of a national public
health crisis, with an increasing
number of infants requiring prolonged
hospitalization at a high cost to
families, communities, and health care
systems.1–4 NOWS affects all regions in
the United States, with care being
provided for these infants in various
hospital settings and varying levels of
newborn care.1,5,6 This variation in
care setting, in combination with
regional differences in the epidemic
and lack of a solid evidence base to
inform a standard of care for the
management of these infants,7–11 has
led to the potential for variation across
sites in the characteristics, provision of
care, and outcomes of infants with
NOWS. Although variation in care
results in discrepancies in health care
outcomes in many areas of medicine,12

the ramifications of this variation for
infants with NOWS, if present, would
likely be magnified in this already
vulnerable population. Thus,
quantifying this variation is critical
to optimizing care. Despite the
importance of this issue, reports of
between-site variation in NOWS care
are limited to small cohort studies13–15

and analyses of variation in protocols
and self-reported practices rather than
infant-level data on actual care
provided.16–18 In addition, site
variation in the characteristics of
mothers of opioid-exposed infants,
although potentially warranted and
unmodifiable,19 may contribute to
site-to-site variation in both the
management and outcomes of these
infants and has not been described.
The lack of literature specific to
site variation in the characteristics
and care of infants with NOWS
represents a fundamental gap in the
understanding of the opioid crisis.
Understanding variation across sites
will be critical to improving outcomes
for infants with NOWS through the
identification of targets for the
informed development of clinical
trials, practice implementation, and
policy development.

To quantify the magnitude of site-to-
site variation, a large multicenter,
cross-regional study is needed to
allow for a diverse sample of sites
and generalizability of results.
Additionally, infant-level data are
essential to assess the degree of
variation in maternal-infant
characteristics and to assess the care
actually provided by sites. The
objective of the Advancing Clinical
Trials in Neonatal Opioid Withdrawal
(ACT NOW) Current Experience Study
was to quantify site-to-site variation
in (1) maternal-infant characteristics
(maternal care during pregnancy and
in utero exposures), (2) infant
management, and (3) outcomes for
infants with NOWS.

METHODS

Study Design

This observational cross-sectional study
included infants born at or transferred
to 1 of 30 hospitals in the ACT NOW
Collaborative between July 1, 2016, and
June 30, 2017 (Supplemental Fig 5). The
ACT NOW Collaborative is a partnership
between the Environmental influences
on Child Health Outcomes (ECHO)
Institutional Development Award States
Pediatric Clinical Trials Network
(ISPCTN)20 and the Eunice Kennedy
Shriver National Institute of Child Health
and Human Development’s (NICHD)
Neonatal Research Network (NRN)21

and is part of the National Institutes of
Health’s trans-agency Helping to End
Addiction Long-term Initiative.22 This
collaborative is a diverse network of
sites, including both academic and
community centers18 highly impacted
by the opioid crisis. All participating
sites had either local or central
institutional review board approval to
perform this study. The University of
Arkansas for Medical Sciences provided
central institutional review board
approval.

Data Source

Data were abstracted by trained
research personnel, from maternal

and infant medical records for
participants who met study criteria.
The Medical Record Abstraction
Quality Assurance and Control
framework was used to improve
accuracy of data abstraction.23,24 The
data collection form is provided in
Supplemental Fig 6.

Case Identification

Broad inclusion criteria were selected
at the outset to enhance identification
of the final population of interest for
the study and included gestational
age $36 weeks and any 1 of the
following: (1) NOWS scoring within
the first 120 hours of life, (2) history
of maternal opioid use during
pregnancy, (3) record of a positive
maternal screen result for opioids
(during the second or third trimester
of gestation), or (4) infant toxicology
screen positive for opioids. Site
investigators identified infants using
search terms in electronic medical
record (EMR) systems whenever
possible. However, hospital EMR
capabilities differed across the
collaborative; thus, sites were allowed
to use search terms, International
Classification of Diseases, 10th Revision
codes, or both to identify cases. A total
of 2786 mother-infant dyads were
identified following this process.
Identified medical records were then
reviewed by research personnel for
the inclusion and exclusion criteria
to identify eligible infants. Exclusion
criteria included major birth defects
(Supplemental Fig 6), neonatal
encephalopathy, seizure disorder,
receipt of respiratory support after
72 hours of life, major surgical
interventions, and exposure to opioids
unrelated to the treatment of NOWS
during the newborn hospitalization. In
total, 1808 mother-infant dyads met
the eligibility criteria and represent
the ACT NOW Current Experience
Study population for whom complete
data were collected.

As planned prospectively for the
current analysis, the study population
was further refined to include only
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infants with both NOWS scoring
within the first 120 hours of life and
documented opioid exposure, thus
identifying the population of infants
with NOWS as defined for this study.
As such, 431 infants were excluded (n
= 140 because of a lack of NOWS
scoring within the first 120 hours of
life and n = 291 because of a lack of
documented opioid exposure),
resulting in an analytic sample of
1377 mother-infant dyads
(Supplemental Fig 7).

Analysis-Specific Case Identification

For site-level analysis of the
proportion of infants receiving
pharmacologic treatment, infants who
were transferred to a participating
hospital for care were excluded (n =
132) to avoid including infants
transferred explicitly for
pharmacologic treatment, which
would artificially inflate the
proportion of infants receiving
pharmacologic treatment at these
sites. Infants discharged from the
hospital or transferred to another
institution while receiving
pharmacologic therapy, either an
opioid (n = 57) or secondary
medication (n = 96), were excluded
from the length of treatment (LOT)
analyses for the respective
medication because inclusion of these
infants would bias results toward
a shorter LOT. Infants who were
discharged from the hospital on
opioid therapy or transferred to
another institution while still
receiving opioid therapy (n = 57)
were excluded from the length of stay
(LOS) analysis, as well as those
infants whose LOS was determined to
be prolonged because of non-NOWS
issues (infection, hyperbilirubinemia,
respiratory illness, or other) (n =
197). These infants were excluded to
avoid bias toward a shorter or longer
LOS, respectively.

Statistical Analysis

Overall, key maternal, infant, and
hospital characteristics were
summarized by using basic

descriptive statistics. Means and SD
or medians and interquartile ranges
(IQRs) were used for continuous
variables as appropriate, whereas
counts and proportions were used for
categorical variables. Additionally,
site-level variation for selected
parameters was described by using
summary statistics and represented
graphically by using box plots.

RESULTS

Hospital Characteristics

The incidence of NOWS across the 30
participating hospitals ranged from 4
to 423 cases (mean 31.8 6 75.9) per
1000 birth admissions, and the
absolute number of NOWS cases per
site ranged from 4 to 161 (mean 45.9
6 39.8) during the study period.
Participating hospitals cared for
infants with NOWS in various
locations,25 including in level 1: well-
newborn nurseries (n = 28 hospitals,
93.3%); level 2: special care nurseries
(n = 11, 36.7%); level 3: NICU (n = 18,
60%); and level 4: regional NICUs (n =
9, 30%), general pediatric units (n = 7,
23.3%), and other locations (n = 1,
3.3%). NOWS care occurred in .1
location at 27 of the 30 hospitals
(90%), with the number of locations
ranging from 1 to 5 (mean 2.5 6 1).
During the study period, all
participating hospitals used the
Finnegan Neonatal Abstinence Scoring
Tool (FNAST)26 or modification
thereof27 for the assessment of
withdrawal severity. Twenty-eight
hospitals (93.3%) initiated
pharmacologic therapy as part of their
NOWS management for at least some
infants. The remaining 2 hospitals
transferred infants to another hospital
if they were assessed as requiring
pharmacologic therapy.

Maternal and Infant Characteristics

Across the study population, 68.2%
(95% confidence interval [CI]:
65.7–70.7) of mothers received
adequate prenatal care, defined as$3
visits during pregnancy with the first

visit occurring before the third
trimester,28 62.4% (95% CI:
59.8–64.9) received medication-
assisted treatment (MAT) during
pregnancy, and 18.4% (95% CI:
16.3–20.4) had anticipatory prenatal
counseling specific to the care their
infant would receive after delivery
(Table 1). Across sites, the proportion
of mothers receiving adequate
prenatal care and MAT varied widely,
ranging from 31.3% to 100% (mean
66.1%; 95% CI: 60.5–71.7) and 5.9%
to 100% (mean 54.2%; 95% CI:
44.3–64.0), respectively (Fig 1). The
proportion of mothers receiving
prenatal counseling also varied
widely across sites, from 1.9% to
75.5% (mean 24.9; 95% CI:
12.3–37.6).

Overall, the mean gestational age of
infants in this study population was
38.8 6 1.4 weeks and the mean birth
weight was 3.0 6 0.5 kg. Other
growth parameters are provided in
Table 1. Overall, infants were born
primarily to mothers who lived in
metropolitan areas (72.9%; 95% CI:
70.6–75.3) based on rural-urban
commuting area codes29 (Table 1).
Across the study population, in utero
polysubstance exposure, defined as
exposure to an opioid and an
additional psychotropic substance
(exclusive of nicotine), identified by
maternal history or maternal or
infant toxicology screens, was
documented in 63.5% (95% CI:
60.9–66.0) of infants, and the number
of exposures ranged from 1 to 7
(mean 1.8 6 1.1) with 117 unique
exposure combinations. Across sites,
the proportion of infants with in
utero polysubstance exposure ranged
from 29.7% to 100% (mean 62.9%;
95% CI: 57.7–68.1) and the mean
number of substances infants were
exposed to in utero ranged across
sites from 1.1 to 2.7 (mean 1.8 6 0.4)
(Fig 1).

Management and Outcomes

Across the study population, infant
toxicology screens were obtained for
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85.2% (95% CI: 83.3–87.1) of infants.
Use of infant toxicology screens
varied across sites, with 50% to
100% of infants being screened (mean
86.4%; 95% CI: 80.9–92.0) (Fig 2).
Infants with NOWS received care in
various hospital locations. Across sites
with both a level 1 nursery and a level
$2 care setting (n = 26), the
proportion of infants cared for in the
level 1 care setting at some point after
delivery ranged from 11.8% to 100%
(mean 74.1%; 95% CI: 64.2–83.9) and
the proportion of infants cared for in
the level $2 care setting ranged from
19.1% to 100% (mean 65.8%; 95% CI:
54.8–76.8). Of those infants who
received pharmacologic therapy at
these sites, the proportion of infants
cared for in the level$2 care setting at
some point during their admission
ranged from 7.9% to 87.8% (mean
42.2%; 95 CI: 32.9–51.5).

All infants were assessed for
withdrawal severity by using the
FNAST (or modification thereof). For
infants who received pharmacologic
therapy, the mean of the 3 scores
before the initiation of pharmacologic
therapy was determined for each site.
Sites were pooled for this analysis

because thresholds for these tools are
comparable. Site means ranged from
5.6 to 15.3 (mean 10.5 6 2.0; Fig 3).

Across the study population, 48.3%
(95% CI: 45.7–50.9; n = 665) of
infants received pharmacologic
therapy for NOWS. Of these infants,
85.9% (95% CI: 83.2–88.5) received
morphine as the primary
pharmacologic treatment, whereas
13.4% (95% CI: 10.8–16.0) received
methadone, 0.3% (95% CI: 0.0–0.7)
received buprenorphine, and 0.3%
(95% CI: 0.0–0.7) received
phenobarbital as their primary
medication. Of the pharmacologically
treated infants, 32.2 (95 CI: 28.6–35.7)
received a secondary medication.
Across sites, the proportion of infants
receiving pharmacologic therapy
ranged from 6.7% to 100% (mean
40.2%; 95% CI: 29.7–50.7) (Fig 2).
The use of secondary medications also
varied across sites (Fig 2). Of the 28
sites that provided pharmacologic
therapy for NOWS, 5 sites never used
secondary medications. Among the
remaining sites, the proportion of
pharmacologically treated infants who
received a secondary medication
ranged from 1.1% to 69.2%. Across

the study population, clonidine was
the most frequently used secondary
medication (54.2%; 95% CI:
47.5–60.9), followed by phenobarbital
(37.4%; 95% CI: 30.9–43.9), morphine
(4.7%; 95% CI: 1.9–7.5), and
methadone (3.7%; 95% CI: 1.2–6.3).

In addition to the site variation seen in
the initiation of pharmacologic therapy,
there was also variation observed in the
use of these medications. For example,
for infants receiving morphine, site-to-
site variation was observed in the mean
maximum morphine dose administered,
with a range of 0.038 to 0.129 mg/kg
(mean 0.069 6 0.020 mg/kg), and in
the mean final morphine dose given
before discontinuation, with a range of
0.004 to 0.053 mg/kg (mean 0.022 6
0.014 mg/kg).

Of the infants receiving pharmacologic
therapy, 57 of the 662 infants (8.6%;
95% CI: 6.5–10.8) who received an opioid
as their primary medication while
inpatient were discharged from the
hospital or transferred to another
institution while still receiving opioid
therapy. Of the 214 infants who received
a secondary medication while inpatient,
96 infants (44.9%; 95% CI: 38.2–51.5)
were discharged or transferred on this
medication. Of those infants who
completed pharmacologic therapy while
inpatient, the mean opioid LOT varied
across sites from 2.3 to 51.3 days (mean
17.769.8 days) and the mean secondary
medication LOT varied from 1 to 39.5
days (mean 15.4 6 11.4 days) (Fig 3).

All sites used multiple nonpharmacologic
measures as part of the first-line therapy
for NOWS. However, variation was seen
across sites in the use of individual
practices. For example, the proportion of
infants receiving fortified feeds ranged
from 2.9% to 90.0% (mean 24.6%; 95%
CI: 15.3–33.9), and the proportion of
infants receiving maternal breast milk
during the birth admission ranged from
22.2% to 83.3% (mean 47.9%; 95% CI:
41.4–54.4) (Fig 2).

Mean LOS varied across sites from 2
to 28.8 days (mean 11.6 6 6.7 days).
This range consisted of 2 nearly

TABLE 1 Selected Maternal and Infant Characteristics

Descriptive Statistics (N = 1377)

Infant demographics
Gestational age at birth, wk, mean (SD) [95% CI] 38.8 (1.4) [38.7–38.8]
Birth, wt (kg), mean (SD) [95% CI] 3.0 (0.5) [3.0–3.1]
Birth head circumference, cm, mean (SD) [95% CI] 33.6 (2.0) [33.5–33.7]
Male sex, n (%) [95% CI] 704 (51.1) [48.5–53.8]

Maternal measures
Gravidity, median (Q1, Q3) [95% CI] 3 (2, 5) [3–3]
Parity, median (Q1, Q3) [95% CI] 2 (1, 3) [2–2]

Race37 n (%) [95% CI]
Non-Hispanic white 940 (68.3) [65.8–70.7]
Non-Hispanic Black 99 (7.2) [5.8–8.6]
Hispanic 90 (6.5) [5.2–7.8]
Other 248 (18.0) [16.0–20.0]

Adequate prenatal care,28 n (%) [95% CI] 939 (68.2) [65.7–70.7]
MAT, n (%) [95% CI] 859 (62.4) [59.8–64.9]
Prenatal NOWS counseling, n (%) [95% CI] 253 (18.4) [16.3–20.4]
Polysubstance use, n (%) [95% CI] 814 (59.1) [56.5–61.7]
RUCA,29 n (%) [95% CI]
Metropolitan 1001 (72.7) [70.3–75.1]
Micropolitan 179 (13.0) [11.2–14.8]
Small town 125 (9.1) [7.6–10.6]
Rural 72 (5.2) [4.1–6.4]

Q1, first quartile; Q3, third quartile; RUCA, rural-urban commuting area.
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distinct distributions, with site-level
variation seen in LOS for both
pharmacologically treated infants
(across sites, the mean LOS ranged
from 6.5 to 49.4 days [mean 23.5 6

9.7 days]) and nonpharmacologically
treated infants (across sites, the mean
LOS ranged from 2 to 9.5 days [mean
4.3 6 1.4 days]) (Fig 4). Across the
study population, most infants were

discharged from the hospital with
a parent (75.7%; 95% CI: 73.4–77.9),
whereas 9.0% (95% CI: 7.5–10.5)
were discharged with a relative and
12.3% (95% CI: 10.5–14.0) with
adoptive parents or into foster care.
Across sites, the proportion of infants
discharged from the hospital with
a parent ranged from 33.3% to 91.1%
(mean 70.7%; 95% CI: 66.0–75.4).

DISCUSSION

Marked site-level variation was identified
in this multicenter, geographically diverse
observational study of infants with
NOWS. Substantial variation was
identified in maternal-infant
characteristics and in nearly every aspect
of infant management and outcomes
explored. There was remarkable
variation in the receipt of pharmacologic
therapy, which likely represents a driver
for the variation observed in LOS. In
this study, we build on the existing
literature by not only demonstrating an
association between LOS and
pharmacologic therapy,30 but by also
describing variations in care that
underlie this observation. Specifically,
wide variation was seen across sites
in many key parameters: FNAST (or
modification thereof) score thresholds
used to prompt initiation of
pharmacologic therapy, the maximum
dose of morphine administered; the final
morphine dose administered before
discontinuation, LOT, and the use of
secondary medications. Wide variation
was also seen across sites in MAT use
during pregnancy, use of prenatal care,
and custodial care at discharge. Although
this variation is arguably less modifiable
by clinicians caring for infants with
NOWS, it serves to illustrate relevant
variations in population context. These
population-based variations, although
theymay lie beyond the direct care of the
infant, likely influence infant outcomes
and may be modifiable by clinical care
elsewhere in the health care system or
through policy changes.

This work is an important contribution
to the literature surrounding NOWS
because of the breadth of geographic

FIGURE 1
Site-level variation in maternal and infant characteristics. The box plots consist of the 25th (quartile
1), 50th (median), and 75th (quartile 3) percentiles. The length of the whiskers represents the
minimum (quartile 1 – 1.5 3 IQR) and maximum (quartile 3 1 1.5 3 IQR), where IQR = quartile 3 –
quartile 1 (IQR). Each dot represents a single site proportion or mean, as appropriate, and the
asterisk denotes outliers.

FIGURE 2
Site-level variation in infant management. The box plots consist of the 25th (quartile 1), 50th
(median), and 75th (quartile 3) percentiles. The length of the whiskers represents the minimum
(quartile 1 – 1.5 3 IQR) and maximum (quartile 3 1 1.5 3 IQR), where IQR = quartile 3 – quartile 1
(IQR). Each dot represents a single site proportion and the asterisk denotes outliers.
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regions from which the population was
drawn and the number of hospitals
engaged and serves to provide
a foundation for future work in the
field. Understanding site-to-site
variation in NOWS care is a critical first
step to appropriately minimizing this
variation. Although, as noted, some of
the observed site-level variation may
be due to population differences or
warranted variation, which is
unmodifiable and anticipated,19 it is
also likely that a significant portion of
the variation seen is unwarranted.19

Although unwarranted variation can
have several causes,31 in this case, it
appears likely that it results from gaps
in the evidence base to support
standard care practices for infants with
NOWS, resulting in a lack of consensus
for management guidelines.19,31,32

Potentially modifiable, unwarranted
variation can and should be minimized
to improve outcomes. Local efforts to
decrease unwarranted variation
through the protocolization of care for
infants with NOWS have shown

promise in the ability to achieve this
goal.32–35 Nationally, the NOWS
landscape is shifting quickly as
clinicians and researchers look to
improve care and develop an evidence
base to support a standard practice.
Although critically important, it is likely
that these efforts have further
contributed to the site-level variation
described. In the current study, we
highlight the need for collaborative,
high-quality research to provide the
generalizable evidence needed for the
development of standard practice
guidelines. Fortunately, such research is
currently being undertaken.36 However,
these research efforts take time; thus,
acknowledging the variation described,
whether warranted, is critical. This
variation may significantly hinder the
generalizability of results from single-
center clinical trials and quality
improvement work to a broader
population.

This observational study is limited by
potential selection bias in the use of

sites from the ACT NOW
Collaborative, which may not be
wholly representative of the opioid
epidemic, challenges associated with
identification of the desired
population that were due in part to
limitations of the individual site
EMRs, and limitations inherent to
documentation in the medical record
and medical record abstraction
accuracy. However, extensive
procedures were implemented to
maximize the quality of abstraction.
Lastly, in this study, we did not
explore the degree to which
warranted variation contributed to
the variation observed because it was
outside of the scope of this work.
Given the wide variation in the
volume of infants with NOWS cared
for at each site, we did consider the
possibility that the variation observed
in this study may be due in part to the
variation in site volume. We observed
no statistical differences by site
volume of NOWS in the variables
presented (Supplemental Table 2,
Supplemental Figs 8–11) with the
exception of the proportion of
mothers receiving MAT. Across sites,
the mean proportion of mothers
receiving MAT was larger among
high-volume hospitals compared to
low- and medium-volume hospitals.

CONCLUSIONS

Understanding the current landscape
of NOWS is critical to inform
decisions made regarding future
research and the development of
programs, policies, and practices to
improve care for these infants. The
degree of variation in the
characteristics, management, and
outcomes of infants with NOWS
observed in this study is substantial
and likely greater than clinicians
working in their own local settings
would have expected. Although the
variation described likely reflects
a lack of optimal care for many
infants with NOWS, it also identifies
a significant opportunity to improve
the care provided to these infants.

FIGURE 3
Site-level variation in the initiation and length of pharmacologic therapy. The box plots consist of the
25th (quartile 1), 50th (median), and 75th (quartile 3) percentiles. The length of the whiskers repre-
sents the minimum (quartile 1 – 1.5 3 IQR) and maximum (quartile 3 1 1.5 3 IQR), where IQR =
quartile 3 – quartile 1 (IQR). Each dot represents a single site mean and the asterisk denotes outliers.
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